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Abstract 


Firings  srore  made  to  detemlna  tUa  wei^t  of  projectllo-voloolty 
change  in  the  75  gun  for  normal  and  reduced  chargas.  Gorreetione 
in  maszle  velocity  for  projectile  irei^t  are  obtained  from  tha  reeults. 

A  comparison  is  made  between  the  observed  and  computed  changes  to 
dotenaine  whether  the  difference  botween  the  two  are  significant. 

Proposals  are  made  for  further  investigations. 

/  PA0:3?'ry  c?  u-S.,  mkv 

CTii:z.-3.  rrjroii 

BEL.  /a-:::,  uo.  aiooa 

The  Ordnance  Office  pointed  out  that  In  the  acceptance 
teats  for  complete  rounds  for  the  75  Model  1S97> 

was  found  tliat  where  velocity  eorrectlcno  had  to  be  made 
for  heavier  than  normal  projectile  the  corrected  velocities 
were  lower  than  when  no  corrections  were  necessary.  This 
lead  to  doubt  of  the  correctness  of  ttie  formula  used  for 
computing  such  corrections.  Since  the  weight  of  projectile- 
velocity  change  Is  of  great  importance  not  only  In  powder 
tests,  but  also  In  firing  tables,  the  Ordnance  Office 
recommended  that  a  program  be  carried  o\it  to  determine 
these  corrections  for  the  75  gun.  Various  projectile 
weights  and  types  of  cliarge  as  given  in  Table  I  were 
selected  for  these  firings. 


Table  I 


Projectile:  3“  shell  191?  Modified  to  75 
Welghtc;  11,24,  12,2^,  and  13.24  lbs. 


Powder 

Lot 

Web 

Thickness 

Charge  - 

1 

Composition 
&  Grain 

Form 

Primer 

3578  s 

.01^5 

Normal 

Mp  FNII 

M22  75  grain 

3629 

,Ol46 

Reduced 

.  SP  FNH 

II  II 

3632 

.0170 

.  Reduced 

•  SP  FNH 

H  II 

The  results  of  the  firings  are  given  In  the  attached  firing 
record  #10bSl  and  are  summarized  In  the  following  table: 


Table  II 

‘ojectlle 

Powder 

Wt.  of 

Wt. 

Lot  . 

Charge 
lb.  oz. 

12,24 

357&1.3 

1  6.1 

11.24 

u 

1  6,1 

13.24  ' 

..  -11 

1  6,1 

12,24 

3029  ■ 

9.0 

11,24 

3629 

9.0 

13.24 

3§29 

9.0 

12.24 

3632 

9.^3 

11.24 

3632  . 

9.^3 

13.24 

3632 

9.‘^3 

Mean 

Mean 

No. 

Velocity 

Pressure 

Hds 

I7&9 

■  27,100 

5 

1833 

24,900  . 

.5 

1731 

28,500 

5 

1109 

11,100 

•  5 

1146 

10,400 

5 

1069 

ll,4oo 

5 

1119 

10,200 

5 

1145 

8,900 

5 

1078 . 

10.300 

5 

By  the  data  given  In  Table  II  an  empirical  weight  of 
projectile-velocity  change  Is  determined.  However,  the 
observed  velocity  differences  corresponding  to  variations 
In  the  weight  of  projectile  are  subject  to  experimental 
error  because  of  the  dispersion  In  velocity.,  A  more 
reliable  resijlt  can  probably  be  obtained  by  a  combination 
of  theoretical  and  experimental  l:*e8ultB.as  stated  below. 

For  the  multi- perforated  powder  357^/  calculate  q 

and  r^,  as  defined  In  Bennett's  Tables  for  Interior 
o' 

Ballistics,  for  each  weight  of  projectile,  p.  Plot  q 
and  r^  against  p  and  pass  a  least  square  straight  line 

through  the  points.  The  results  are  shown  In  plot  1. 

To  compute  the  velocity  change  due  to  weight  changes 
within  the  range  of  weights  given,  used  the  values  of  q^ 
and  r  given  by  the  points  on  the  representative  straight 


line  oorreeponAlng  to  the  projectile  weights  con eld ered. 

For  the  S.P,  powd.ere  to  which  Bennett's  Tablse  are 
not  strictly  applicable  compute  b  and  e  as  defined  In 
Roggla's  Neue  Dlagramme  fCir  die  Innere  Balllctlk,  Theorle 
und  Belsplele*  and  plot  them  against  p,  and  then  proceed 
as  outlined  above  for  the  M.P.  powder.  Plots  2  and  3  give 
b  and  e  vs  p  for  the  S.P,  powders. 

By  means  of  the  values  of  and  and  b  and  e  given 

by  the  representative  straight  lines  shown  on  plots  1,  2 
and  3»  "the  velocity  corrections  required  to  correct  the 
velocity  of  the  75  “ci  projectile  to  the  standard  weight  of 
12,24  lb.  were  computed.  These  results  arc  shown  on  plots  4, 
5  and  .6, 


It  la  Interesting  to  compare  these  results  with  those 
previously  employed  which,  as  noted  above,  seemed  to  give 
Inconsletent  results.  This  may  be  done  by  a  comparison 
of  the  values  of  n,  defined  by  the  equation-  • 


where 


Av  =  velocity  change 
Ap  s  weight  change 
V  =  muzzle  velocity 
p  .=  weight  of  projectile  , 

The  values  of  n  corresponding  to  small  variations  In 
weight  from  12,24  as  obtained  from  plots  4,  5  and  6  are 
compared  with  those  heretofore  employed  at  the  proving 
ground  In  Table  IV, 

Table  IV 

n 


Charge  Powder 

Prom  Plots 

Previously  Used 

Normal 

3578 

.36 

.31 

j 

’'3629 

.42") 

Reduced  j 

'  3832 

.3, 

.29 

*  See  alee  Ballistic  Laboratory  Report  Ro,  US,  A.P.d,  *Roggla*s 
Equation  and  its  Application  to  Interior  Balllatlc  Problems"  by 
R.  H.  Kent. 
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The  considerable  discrepancy  between  the  two  sets 
will  be  noted.  An  Important  cause  of  the  discrepancy  le 
that  the  values  of  n  previously  used  were  based  on  pyro 
MP  powders.  When  the  powders  were  cliangedj  through 
Inadvertence  new  values  of  n  were  not  computed. 

Comparison  of  Theoretical  and  Observed  Weight  Velocity 

Changes  | 

While  the  welght-velocltles  changes  given  above  will 
no  doubt  be  fairly  satisfactory  for  the  given  charges  and 
projectiles  In  the  75  §hn.  It  Is  of  Interest  to  learn 
whether  thp  theoretical  results  using  a  constant  and  r^ 

or  a  constant  b  and  e  differ  significantly  from  the  empirical 
ones.  If  there  Is  no  significant  difference,  considerable 
confidence  may  be  placed  In  theoretical  computations  with 
constant  and  or  b  and  e.for  other  guns;  if  there  Is  a 

significant  difference  It  will  be  necessary  to  determine  the 
weight  of  projectile  velocity  change  empirically  for  various 
guns  until  sufficient  Improvement  In  the  theory  Is  obtained 
.to  permit  the  discontinuance  of  the  experimental  firings, 

A  test  was  made  of  the  significance  of  the  variation 
of  the  experimental  results  of  these  firings  from  the 
theoretical  ones  by  means  of  Student's  t  test,*  In  applying 
this  a  comparison  was  made  of  the  observed  velocity  differ¬ 
ence  between  the  11.2^1-  and  13.24  lb,  weights  and  the  computed 
ones  which  were  based  on  the  velocities  and  pressures  for 
the  11,24  lb.  Weight, 

By  means  of  the  tables  for  the  Student's  distribution 
the  probability,  was  computed  that,  if  the'  theory  were 
correct,  a  difference,  due  to  chance,  between  the  observed 
and  theoretical  values  greater  In  absolute  value  than  that 
actually  obtained,  would  occur.  The  value  of  t  used  In 
such  a  computation  depends  upon  the  differences  between  the 
theoretical  and  observed  results  and  the  standard  deviation 
of  the  measurements  of  velocity.  The  results  of  these 
probability  computations  are  given  In  Table  V, 

Table  V 


Powder 

Charge 

oz 

Vel,  Change 
Observed 

for  Ap=+2  Lb. 

C  omputed 

Difference  Pp 
Computed-Obs,  ^ 

357«J 

22.1 

-102 

-lOS 

-6  .172 

3632 

9.43 

-67 

-10  .058 

3629 

9 

-77 

-g2 

-5  .007 

*  See  yisher  "Statistical  Methods  for  Research  Vorkers",  Yule  and  Kendall 
"'An  Introduction  to  the  Theory  of  Statistics"  p,  442. 
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It  iB  customary  to  consider  a  probability,  pp,  smaller 

than  .03  as  significant.  On  thin  definition  It  follows 
that  for  the  normal  charge  of  357®  powder  the  theoretical 
result's  do  not  differ  from  the  experimental  ones  significantly  • 
while  for  the  other  two  powders  they  do  differ  significantly, 

«  , 

In  view  of  the  low  values  of  pp  obtained  for  powders 

3^32  and  3®29  and  of  the  fact  that  for  all  three  powders  the 
differences  between  the  computed  and  observed  changes  are  of 
the  same  sign  It  appears  that  the  theory  Is  definitely  In** 
adequate.  However,  the  ratios  of  the  computed  and  observed 
velocity  changes  do  not  differ  greatly  from  unity  as  shown 
In  the  following  table. 

•  Table  VI  ■ 


Ratios  of  Computed 

to  Observed  Velocity  Changes 

Powder 

Ratio  % 

357®  S 

106 

3b32 

113 

3629 

1^ 

Mean  109 

The  computed  velocity  changes  with  constant  and  r^ 

or  b  and  e,  v/oiild  be  In  error  by  only  958  on  the  average. 
Hence  unless  corrections  for  large  v;elght  changes  have  to 
be  made,  say  greater  than  .3  1^»  no  serious  error  results 
from  the  use  of  the  computed  corrections. 

The  proving  ground  proposes  to  continue  work  on  this 
subject  as  follows; 

1.  Compute* corrections  for  various  weapons  based  on 
powder  currently  used  to  replace  the  corrections  based  on 
pyro  powders,  (Some  of  these  have  already  been  computed), 

2.  To  make  further  comparisons  of  the  theoretical 
and  observed  results  using  reports  kindly  furnished  by 
Mr,  Feltman  of  the  Ordnance  Office, 

3.  -  Depending  on  the  results  obtained  from  (2,)  to 
make  recommendations  for  such  further  firings  In  various 
guns  as  may  seem  expedient. 

Computations  for  this  report  have  been  done  by 
Mr,  J,  V,  Holberton, 

R.  H.  Kent 
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mo 

1122 

3126 

2324 

1107 

• 

1106 

1107 

1107  . 

1110 

1105 

1117 

3127 

2t26 

I  1134 

1132 

1134 

1133 

1J47 

1130 

1345 

1  SI? 

2i26 

■;  1119 

1119 

1119 

1119 

1132- 

1117 

1131 

3129 

2i30 

I  1132 

1131 

1131 

1131 

1145- 

1133 

lll;e 

3130 

2i31 

iiTO 

nVi 

1126 

1126 

1120 

1142- 

1127 

1142 

3131 

2133 

*  ■ 

1147 

1146 

1146 

1160- 

1145 

1158 

3132 

2*34 

1073 

1077 

1072 

1074  ■ 

1083 

1071 

1080 

3133 

2*36 

1069 

1067 

1066 

1067 

1076 

1066 

1075 

3134 

2*37 

1073 

1072 

1072 

1072 

1081 

1071 

1080 

3135 

3136 

1 

2*39 

2i4l 

1069 

1073 

1066 

1075 

■ 

1066 

1071 

1067 

1073 

: 

1076 

1082 

1066 

1070 

1075 

1079 

♦This  eoirrootion 
oorreo^on* 

I 

*®No  loar^  on  roda 


r 


on  Instru^ntal  Veloelt/  io  ISueeIs  Velocity  inoludee  a  Tuning  Fork 
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ABERDEEN  PROVING  GROUND  FIRINGS 


PRESSURE  DATA 


F.R.N.i.  10601 
Sheet  6  of 
Dote  tiaroh  9«19? 


Type  of  geuge  Ubdium  Caliber  ■ 

Poaitton  of  gauge  In  base  of  oartrid{^e  oaee* 

Metal  of  cruaLer  cylinder  Seprt*  12 j  191B«  Aimeoled  April  4*  1919* 
Initial  eoniprcaaioii  0 


Rorvo  OACOB  I'RESSCBE  UAl'OK  PRE?8fRE  (JAVOE  rRKaSURK  QAtrOK  PBEhaURB 

NO.  "{Ar-  NO.  — im  NO.  — fdi  no.  iga  no.  106 


3077 

3076 

3079 

5O8O 

3O8I 


3082 
3063 
3004 
!  3085 
j  3086 


r 

3087  ! 
3080  ! 
3009  : 

3090  ! 

3091  j 


i092  j 

(093  1 
1 


4648  273 

4963  275 


■2047  273 

4420  278 


5787  277 

5439  269 


.4110  246 
4266  267 


5774  289  4463  265 


4500  254 
3107  236 
43^  I  251 
4160  299 
4521  ’  236 


4612  247 
4516  .233 
4971  256 
4287  249 

4156  242 


4168  i  274 
4291  •  294 
5828  I  283 

4297  j  288 
5020  *  298 


4121 ! 
4292 ; 

571li  I 

2917 . 

.  9925  I 

I 


4166  ,  82 
1941  92 


1943 

4136 


3C^ 

5786  ' 

112 

9747 

108 

3095  , 

1865  i 

111 

4392 

111 

3096  i 

4563  i 

111 

2046 

112 

3097  1 

5245  i 

\ 

4930  1 

j 

125 

3760 

124’ 

3099 : 

92 

4174 

92  1 

3100  ^ 

1 

4303  i 

106 

4955 

108 

3101 1 

9450 

103 

4112 

115 

3102  i 

5ii?3 

107 

4861 

110  ! 

3103  i 

9^9 

115 

4247 

115  1 

3104  1 

4190 

116 

4358 

134  i 

3105  : 

*  j 

4200  : 

112 

] 

4115 

105  1 

1 

3106  j 

6005  ' 

4614 

99  ! 

5991 

101  ! 

3107  i 

104  < 

1999 

104  ; 

3108  • 

5979  ^ 

108 

5670 

105  : 

3109  ! 

37'/9  , 

102 

4429 

iq4  > 

3110 : 

4203 

104 

3254 

104  : 

)  -i 


251 

235 

2554  . 

254 

249 


274 
291 
281 
285  . 

294  ! 


.92  ; 


I  107  : 


109  ■ 
109 
115  ! 
115  ■ 
109  • 


1  100 
i  104  ; 

I  107  ' 

I  105  : 

!  104  : 
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AURRDEKN  PROVINn  GROUND  FIRINGS 


PRESSURE^  DATA 


y.  R.  No.  10681 
Elmt  7  of  9 
-D&tc  Uaroh  9*193 


Typo  of  piuge  llodl\im  Caliter 

Position  of  In  base  of  cartridge  case 

Motel  of  crusher  cylinder  Sept.  12,  I9I8.  Annealed  April  4,  1919* 
Initial  compression  Q 


nouMO 

NO. 

llANIt 

DIA.M. 

INS. 

OAfUE 

NO. 

niESSUKP. 

100 

UAI'OE 

.NO. 

ino 

3111 

5003 

109 

4655 

113 

3112 

4729 

119 

5753 

114 

3113 

5^ 

120 

5795 

120 

3134 

4047 

110 

6016 

110 

3115 

2833 

111 

5245 

110 

3116 

4402 

92 

5722 

94 

i  3117 

j 

4706 

90 

5720 

93 

:  3118 

1743 

99 

3277 

98 

.  3119 

5571 

100 

4356 

90 

3120 

6056 

95 

1550 

99 

i  3121 

.  * 

99 

2930 

104 

3122 

5922 

106 

i|863 

init 

3123 

■ 

2826 

100 

4856 

105 

3124 

4745 

99 

4748 

105 

:  3125  I 

4155 

102 

4878 

90 

3126  ! 

i 

4574 

98. 

4329 

100 

■ 

3127  ' 

3672 

94  ' 

5022 

91 

3128 

4119 

82 

4320 

00 

3129  : 

5093 

04 

2901 

62 

3130  1 

4909 

85 

4541 

92 

3131  1 

2001 

96 

4102 

90 

■3132  j 

4249 

105 

3237 

106 

3133  i 

5206 

104- 

4654 

102 

3131* 

3080 

103 

2155 

100  ' 

3155  : 

5136  i 

1 

1 

1 

1 

103 

100 

2982 

5725 

. 

100 

100 

OATUB 

VRKerlt.'UK 

IIAI'OK 

PMESaVRE 

.VO. 

ir» 

NO. 

100' " 

111 
117 
120 
110 
111  i 


96  ! 


93 

I  S 


i  106 
I  103 
!  103 
i  102 
r  100 


j  »  !  I 

Preasui^s  in  t|iis  report  are  read  and  oaloulatod  to  t-he  newest 


97  t 
102  i 


one  hundriod  Ibsi 
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ABKHDEKN  I’RUYINC  GROUND  FIRINGS 

MISCELLANEOUS  DATA 


F.R.  No.  10681 
Blieot  8  uf  9 
Date  Uaroh  9«193£ 


No  ohanga  In  gun  or  oarriage  alnoe  last'  firing* 

Zhare  uvero  no  hangflrea^  xnisflroa*  flarabatdca  or  avidenoe  of  unoonmimed  powder 
on  any  round* 

Sun  and  oarzdage  i\inotlcBied  satisfactorily* 

Small  red  flash  and  very  little  gray  smoke  on  ltd*  3076* 

Moderate  amount  of  light  gray  smoke  aiwl  no  flash  on  all  other  rounds* 

Nd*  308^,  ruptured  oase. 


UKIFOHUITY  DATA' 


t 

t 

1  UUZJiLE  vTLOCITt 

1 

• 

CO 

• 

1 

P^LSSUitE  -  Lb5. 

P0.;DER 

LCT 

t  CHAilv/E 
OaiS  4 

t 

>1 

raoj.b'T 

LhS. 

I  GiiAPH  t  • 

iUX.Vidl* 
IfliiAil  f.  B*  /» 

iniitKrh'C. 

lAi'i/.lUDS 

MAX.Vah. 

.  MAI1'  IbB. 

3578-S 

1 

t  1 
t 

6*1 

'1 

1 

t 

12.2U 

1  1 

iSol*  1  5 

iBoul*  1  3 

17R9-- 

1780 

15  .34 

0  .45 

1 

4.0 

3.2  1 

5 

27100  1700  6.27 

35'^&-s 

1  1 
t 

6.1 

t 

1 

11*^ 

tSol*  :  3 
tdoul.  1  3 

1G35 

i4T?5" 
16  .07 

4.4  1 

6.0  : 

24900  190b' "■ 

35'/S-S 

:  1 

1 

6.1 

s 

s 

t 

13.24 

iSol*  ^  3 

:Boul«  t  3 

Tf5i^ 

1731 

15 

14  .Cl 

4.0,1 

3.2  > 

T 

28500  2000  7.02 

1  / 

e 

m 

9*0 

T 

1 

“iCTr 

:Sol*  1  3 
ti3oul*  :  3 

*1109 

1109 

8  .’72 

2*4  1 

2.2  1 

5 

11100^600  5311“ 

1^9 

9.0 

1 

t 

“iCTT 

iSol*  1  3 

tBuul*  t  3 

iiuS  ■ 
1148 

6  .52 

2.0  1 

2.0  1 

T' 

10400^  too  6.7y 

3t)29 

*( 

e 

e 

9.0 

• 

s 

• 

s 

:Uol*  :  ^ 

;Doul«  1  3 

10f39 

1072 

5  ^7 

i* 

lJU  1 

.8  t 

ii4oo  1^  0  .T7  “ 

36^ 

1 

t 

t 

t 

“ICTT 

iSolo  t  5 

: Boul*  s  3 

iW 

1120 

5  .45 

5  .45 

TJTT 

1.2  1 

y 

10200  600  5. CO 

s 

• 

36'5^' 

: 

’93^T 

'1' 

1 

'  'i.t.2i; 

iSol*  1  3 
:Boul*  t  3 

'llI+3'-^ 

li!i5 

27  2.36  6.6  » 

28  2J45  6.6  i 

5 

8900  1600  17.90 

*15^ 

I 

t 

9*43 

t 

t 

■T3*ar 

:Sol*  :  3 
:Coul*  1  3 

lofS^ 

1000 

.46  2*2'  » 
7  .65  2.8  1 

T* 

10^0  66o  ““bTS3“ 

j 

nds*  3092  to  3^7  iiiol*  vrere  fired  with  D*P*  Lot  3^3^*  which  has  a  v/eb  of 
I  *0143*  to  establish  ohargo*  This  tms  olosest  to  tho  web  deslrod  (.OlhO)  that  this  in 
stock*  It  T.tk.8  discovered  after  loading  ten  rounds  for  unifOmity  series  that  the 
amount  of  povsler  shotm  on  the  Stook  .tccorcl  card  (32  lbs*  approx.;  was  in  error  and 
.  that  actually  tlicre  ^./ere  only  about  fi  lbs.  in.tiio  ]r>x*  Tills  was  insufficient  to  cosi- 
•  plcto  this  phase  of  the  tu-st.  The  next  closest  powder  in  vreb  ws  D*P*  Lot  36^  with 
a  vjeb  of  .OII46  and  this  povalor  wuc  usod*  after  confen'iug  with  Ur*£cnrb* 


:  1 
AttEKDEKN  I'ROVIN'G  GXOUNII  I'UilNrS 

MISCELLANEOUS  DATA 


11ETKOH01>OGICAL  DATA 


1 

1 

Tms 

fiAHCUNm 

THCHlivJUETlrJl 

>IUMlDITy 

?jTf5 

DIA.  ilFil 

1 

t 

8  m 

50.29 

52 

75 

m 

2 

10  m 

50.50 

kl 

59 

tCA'i 

7 

12  Noon 

50.24 

34  ■ 

m 

0 

2.  Pli 

50.19 

50 

25 

YiNW 

15  1 
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